Detection of right ventricular hypertrophy during life has often been exceedingly difficult. In a group of 40 patients with pulmonary artery hypertension either at rest or during exercise, in whom right ventricular hypertrophy of varying degree could therefore be anticipated, an attempt is made to correlate the pulmonary hypertension and the electrocardiographic evidence of right ventricular hypertrophy.
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IN RECENT YEARS, the progressive de- velopments made in electrocardiography have stemmed not only from the clearer definition of the basic principles involved in the electrical excitation process, but also from an attempt to correlate the electrocardiographic findings with the underlying structural abnormalities. The introduction of the unipolar precordial and limb leads in particular have prompted extensive investigation into the problem of ventricular hypertrophy.
Until recently, right ventricular hypertrophy, especially in the early stages, has defied clinical detection in a large percentage of cases. It is not surprising, then, that an attempt to define such hypertrophy by electrocardiographic means has been repeatedly made. Patterns held to be typical of right ventricular hypertrophy have been reported by several investigators.'-' Correlation of these patterns with autopsy findings has also been reported.4'
No satisfactory method has been devised so far to evaluate the degree of hypertrophy in the right ventricle in patients during life. With the advent of the catheterization technic,' however, it is now possible to detect even early pulmonary hypertension in man. Hypertrophy of the right ventricle may be anticipated as a consequence of sustained pulmonary arterial hypertension; the extent of this hypertrophy depends largely upon the duration and degree of the hypertension. From the clinical and experimental points of view, therefore, it would be of interest to know whether any correlation exists between the pulmonary arterial pressure and electrocardiographic evidence of right ventricular hypertrophy. In this report such a study has been undertaken in a group of patients with chronic pulmonary disease.
MATERIAL FOR STUDY
The diagnoses in the 40 patients on whom this study is based included silicosis, silicotuberculosis, diffuse pulmonary fibrosis, obstructive emphysema, bronchial asthma, pulmonary arteriolar sclerosis, and pneumonectomy for suppurative disease of the lung or bronchogenic carcinoma. Patients with obvious mitral stenosis or left ventricular failure were excluded. PROCEDURE Electrocardiographic studies were made during the course of an investigation of patients with chronic pulmonary disease in whom cardiopulmonary function was studied. The pulmonary arterial pressure was recorded by means of a Hamilton manometer, using the right heart catheterization technic. Mean pressure was determined by planimetric integration of the area under the pressure curves. The reference point for right heart pressures was taken 5 cm. below the sternal angle (angle of Louis).
In some of the patients in whom the resting pulmnonarv arterial pressures were normal or only slightly elevated, these pressures were again recorde(l at intervals (luring a ten-minute period of moderate leg exercise. The upper limits of the pul-'monaiv tarterial pressu e found in this laboratory 536 The electrocardiograms were recorded immediately before and after catheterization by means of a Cambridge string galvanometer. The leads taken included standard limb leads, augmented unipolar extremity leads, and precordial leads V4R, V3R, and V1 through V6 using the central terminal of Wilson. The analysis of the electrocardiograms included measurement of the R/S ratio and the onset of the intrinsicoid deflections in the precordial leads, the electrocardiographic position of the heart, and the mean electrical axis. The latter was determined by the Einthoven triangle analysis using the algebraic sum of the R and S waves in Leads I and III. Electrocardiographic Criteria The electrocardiographic criteria for the diagnosis of right ventricular hypertrophy used in this study right precordial leads was late in the QRS interval and usually later than the onset of those from the left precordial leads. The onset of the intrinsicoid deflection is the time interval from the beginning of the QRS complex to the peak of the R wave. It is said to represent the instant the excitatory process, traveling from the endocardial surface, reaches the epicardial surface of the myocardium underneath the exploring electrode. In this study it was measured are based on the findings of Wilson and associates,1' 2 which were confirmed and amplified by Goldberger3 and by Myers and co-workers.4 According to these findings three general patterns have been described:
1. In the first pattern, characteristic changes are seen in Leads V3R, V1, V5, and V6.
(a) The ratio of the amplitude of R to S is greater than one in leads from the right precordium (V3R. V,, or both), while the corresponding ratio in leads from the left precordium (V5 and V6) was less than that from V3R and V, and frequently less than one, with a prominent S wave in V6.
(b) The onset of the intrinsicoid deflection in the by projecting the QRS complex along with the time lines on a screen and measuring the time interval. The onset of the intrinsicoid deflection in Leads V3R and V, used in this study were as follows: in normals 0.01 to 0.023 second; in right ventricular hypertrophy 0.03 to 0.05 second; in incomplete right bundle branch block 0.05 to 0.075 second, and in complete right bundle branch block 0.075 second and above.
(c) Notching or double peaking of the R wave in Lead V, is absent except when the R wave is preceded by a Q wave. (d) The total QRS time is less than 0.12 second. Myers and associates,4 is characterized by a prominent S wave persisting in leads over the left ventricle of patients whose pulmonary artery mean pressure at rest was between 15 and 30 mm. Hg; and a group consisting of patients whose pulmonary artery mean pressure at rest exceeded 30 mm. fig. 1 ) to the first pattern. In Lead V, the R/S ratio is 2.7 and the onset of the intrinsicoid deflection is 0.038 second.
(usually V4 through V6); a prominent R wave in Lead aVR, whose amplitude was abnormally large in relation to that of the associated downward deflection, while leads from the right precordium are within normal limits. RESULTS In the preliminary examination of the material it was seen that, with a single exception, no right ventricular hypertrophy patterns occurred in patients whose pulmonary artery mean pressure at rest was less than 30 mm. mercury. This observation led to the arbitrary division of our cases into three groups: a group consisting of patients who had normal pulmonary arterial pressure at rest; a group consisting Electrocardiographic Findings in Patients with-Normal Pulmonary Arterial Pressures at Rest. The clinical diagnosis, pulmonary arterial pressures, electrocardiographic findings, and other significant data in this group of 9 patients are summarized in tables 1 and 2. Eight of these patients were studied both at rest and while doing moderate leg exercise. Six of the patients with various types of chronic pulmonary disease. The data on these patients are summarized in tables 3 and 4. It is to be noted from table 3 that several of the patients in this group had moderate to severe chronic pulmonary emphysema as indicated by an elevated the three electrocardiographic patterns which have been used as criteria of right ventricular hypertrophy was found in 19 of the 20 cases in spite of the hypertensive state of the pulmonary circulation. Two of the 19 patients showed an rsR' complex in Lead V3R with a delayed 543 V L , 44 RIGHT VENTRICULAR HYPERTROPHY AND PULMONARY HYPERTENSION onset of the intrinsicoid deflection (Patients 423 and 496). In the remaining patient (528), a pattern of right ventricular hypertrophy persistedl after the pulmonary artery mean pressure had fallen fr'om 49 to 24 mm. with treat-Ill V 4~~~~~~~~~~~~A t None of these patients was exercised (luring the study. Eight of the 14 patients showed electrocardiographic patterns characteristic of right ventricular hypertrophy. Of these 8, 7 had electrocardiograms which were typica--l of the ment. This patient, also appears in the final group of 9 patients with very high pulmonary arterial pressure and will be taken uip later in the discussion.
Electrocardiographic Findings in Patients with
Pulmonary Artery Mean Pressure Exceeding 30 mmn. Hg at Rest. The data on these fourteen patients are summarized in tables 3 and 6. first pattern of the criteria. The other patient (334) showed the third pattern at the time of catheterization ( fig. 1 ). An electrocardiogram of this patient made ten months later showed a change from the third pattern to that of the first pattern (fig. 2 ). -None of the patients showed the electrocardiographic findings described in the second pattern. Of the remaining 4,)-44 ( patients, 4 showed electrocardiographic patterns with rsR' complexes in the right-sided precordial leads. These findings were interpreted as indicating incomplete right bundle branch block. One of these 4 subjects (490), a patient with severe obstructive emphysema and pulmonary fibrosis, is of particular interest. On admission to the hospital he had severe arterial oxygen unsaturation, polycythemia, and right-sided heart failure. At that time the electrocardiogram ( fig. 3 ) showed typical features of right ventricular hypertrophy (the first pattern of the criteria). About ten days later the electrocardiographic pattern ( fig. 4 ) had changed to that of an incomplete right bundle branch block. The initial catheterization was performed after this change occurred and when the arterial oxygen unsaturation, polycythemia, and right heart failure were still severe. The pulmonary artery mean pressure at this time measured 36 mm. mercury. The incomplete right bundle branch block pattern has remained over a six months' period irrespective of whether the patient was in more or less severe right heart failure. The electrocardiograms of the remaining two patients of the group failed to showpatterns either of right ventricular hypertrophy or of incomplete right bundle branch block (Patients 413 and 471).
DISCUSSION
The data presented are of particular interest with regard to: (1) the degree of pulmonary arterial pressure elevation in relation to the electrocardiographic findings; and (2) the significance of the high incidence of the rsR' complexes in the right-sided precordial leads in this group of patients with chronic pulmonary disease.
Eight of 9 patients with normal pulmonary arterial pressure at rest were exercised during the study. Six of the 8 developed an elevation of the pulmonary arterial pressure during the exercise period. This response probably indicates a restriction in the pulmonary vascular bed of these patients, since it has been demonstrated that the pulmonary arterial pressure does not rise significantly (luring severe leg exercise in the normal subject.8 The electro-cardiograms in this group of patients showed none of the three patterns which have been identified with right ventricular hypertrophy. Whether one would anticipate the development of right ventricular hypertrophy with the intermittent type of pulmonary hypertension seen in this group is open to question. In the second group, however, the pulmonary disease was more severe, as indicated by a significant pulmonary arterial hypertension present even at rest, and by the moderate to severe degree of arterial oxygen unsaturation in a large proportion of the cases. It appears probable that some patients in this group had hypertrophy of the right ventricle. The fact that the electrocardiograms showed none of the accepted patterns identified with right ventricular hypertrophy and the fact that no single additional electrocardiographic abnormality common to a majority of these patients w-as found, may substantiate the point of view expressed originally by Wilson and associates' that the electrocardiogram probably does not reflect moderate degrees of right ventricular hypertrophy.
It is clear from the data on the patients in the first and second groups that the absence of electrocardiographic patterns identified with right ventricular hypertrophy cannot be used to rule out the possibility of significant hypertension in the lesser circulation in patients w-ith chronic pulmonary disease. However, in each of the eight patients who demonstrated electrocardiographic patterns of right ventricular hypertrophy the pulmonary artery mean pressures at rest exceeded 30 mm. mercury. Although the series is small, these data suggest that in patients with chronic pulmonary disease, the presence of an electrocardiographic pattern of the right ventricular hypertrophy type will be associated with a marked degree of pulmonary arterial hypertension. The data in this last group also indicate that in some cases pulmonary arterial hypertension of marked degree may not be associated w-ith electrocardiographic patterns of the right ventricular hypertrophy type (Cases 413 and 471). In this connection it should be pointed out that in occasional patients with significant right ventricular hypertrophy as demonstrated at autopsy, recent electrocardiograms failed to 545 546 RtIGHT V1F2'NTICULAR HYPERTROPHY AND PULMONARY HYPIE'RTE;.NSION show patterns identified with right ventricular hypertrophy.4
In correlating pulmonary arterial hypertension and electrocardiographic findings, adequate consideration must be given to the anatomical position of the heart as it may be altered by surrounding pathological processes and by the presence of severe heart failure. Erroneous conclusions may be reached regarding the presence or absence of a right ventricular hypertrophy pattern in a given patient if the anatomic position of the heart is not properly evaluated. The complexity of this problem is well illustrated in Cases 471 and 528. Patient 471, a 55 year old woman, appeared to have a typical case of cor pulmonale with signs of right heart failure, marked degree of arterial oxygen unsaturation, severe polycythemia, and high cardiac output. Following repeated phlebotomy, digitalis therapy, use of bronchodilators and diuretics, the clinical state of the patient was improved and she became ambulatory. Pulmonary arterial pressure recording and electrocardiographic studies were made when the patient was in failure and after recovery. During this eight-week period the pulmonary artery mean pressure fell from 44 to 20 mm. mercury. At no time did the patient show characteristic electrocardiographic findings of right ventricular hypertrophy, but she did show significant changes in the electrical axis, the R/S ratio, and in the onset of the intrinsicoid deflections. The angle alpha changed from plus 74 to zero degrees; the R/S ratio in Lead V6 increased from 2.8 to 22.0; and the onset of the intrinsicoid deflection in Lead V6 increased from 0.026 to 0.033 second. In order to explain these changes it should be noted that during the first study when severe right heart failure was present, the heart was vertical with marked clockwise rotation about the longitudinal axis, and the transitional zone between the two ventricles was shifted far to the left (V5). Presumably Lead V6 of the first series of tracings was dominated by the potential variations of the right ventricle rather than the left, and thus accounted for the short onset of the intrinsicoid deflection in this lead. After full compensation the heart resumed a horizontal position with counterclockwise rotation.
In the electrocardiogram of the second study the dominant influence in Lead V6 probably is the left ventricle, which is responsible for the increased voltage of the R wave and the later onset of the intrinsicoid deflection.
The other case which illustrates the importance of the position of the heart on the electrocardiogram is Case 528. The patient, a 52 year old man with a history of persistent bronchial asthma of twenty years' duration, entered the hospital with severe right heart failure. Catheterization studies at that time showed a pulmonary artery mean pressure of 49 mm. mercury. The arterial oxygen saturation was 61 per cent and the patient had polycythemia. The electrocardiogram at this time revealed a typical pattern identified with right ventricular hypertrophy, a semivertical electrocardiographic position of the heart, and a mean electrical axis of plus 162 degrees ( fig. 5 ). After two weeks of therapy, when the patient was greatly improved clinically, the second study showed a fall in the pulmonary arterial pressure from 49 mm. to 24 mm. and an increase in arterial oxygen saturation to 91 per cent. The electrocardiogram ( fig. 6 ) showed no significant change in the electrocardiographic position or in the mean electrical axis, but the tall R wave and the large R/S ratio had disappeared from Leads V, and V3R. In an attempt to explore the entire precordium over the right ventricle, additional precordial leads were taken from the third through the fifth intercostal spaces, medial to position V4R. These still failed to show the previously demonstrated R wave and large R/S ratio. However, when precordial leads were taken lateral to position V4R (V5R, V6R, V7R) they revealed the characteristic large R/S ratio and the tall R wave with a delayed onset of the intrinsicoid deflection. These observations suggest that some mechanism other than hypertrophy of the free wall of the right ventricle is responsible for this pattern identified with right ventricular hypertrophy, as has been suggested by Kossman?. Although these changes occurred in the precordial leads the prominent S wave in Lead V6 and the dominant R wave in Lead aVR, usually found in electrocardiographic patterns of right ventricular hypertrophy, remained characteristic in this patient during the entire period of study. As a result of this experience, it is proposed that at least one precordial lead should be taken at or to the right of VIR in studying patients for patterns of right ventricular hypertrophy. Had no leads to the right of V3R been taken, this tracing probably would have been classified as dence of right ventricular hypertrophy if leads to the right of V4R are recorded.
The second point of discussion deals with the significance of the high incidence of the rsR' complex in the right precordial leads in this group of patients with chronic pulmonary disease. In 6 of the 39 patients, rsR' complexes in Leads V3R, V1, or both, with a total QRS time corresponding to the third pattern of the criteria and as presumptive evidence of right ventricular hypertrophy. This may be the explanation of the changes observed in Case 334 (figs. 1 and 2). It is possible that this pattern described by Myers and colleagues4 may be explained on the basis of position of the heart and need not be classified as presumptive evi-less than 0.1 second were observed. One of these was found in the first (Patient 499), two in the second (Patients 423 and 496), and four in the third group (Patients 487, 490, 496, and 529). A point of interest is the observation that in Patient 496 the rsR' complex was still present after the second catheterization when the pulmonary artery mean pressure had dropped from 547 -7 i f g . r A . . The abnormality responsible for the rsR' pattern associated with a QRS of 0.1 second or less has never been fully clarified. Occasionally this pattern may be seen in normal hearts10 in which instance the explanation offered by some9' 12 is that it is due to a rotation of the heart in such a way that portions of the right heart not ordinarily explored by precordial leads are now accessible to the exploring electrode in positions Vr1 and V2. In acute cor pulmonale this configuration may be seen as a transitory phenomenon9 and in coronary disease this pattern may also be seen, in which instance it is thought to represent incomplete right bundle branch block. The rsR' pattern occurs in patients with right ventricular hypertrophy, but in this condition it is not known whether it represents an incomplete right bundle branch block or a phase in the development of the right ventricular hypertrophy pattern." 2 Kossmann and associates"1 have studied some cases of right ventricular hypertrophy, using endocardial leads. They found that the peak of R' in Lead V, occurred simultaneously w'ith the peak of the S wave in a lead from the right ventricular cavity. Friedland and Sodi-Pallares12 divide the tracings with the rsR' complex into two groups, the first of which shows the electrocardiogram to be otherwise normal. The second group shows other electrocardiographic abnormalities aside from the rsR' complex in leads V, and V2. In the latter group, 90 per cent of the patients had some type of heart disease and 75 per cent showed right ventricular hypertrophy by clinical or by autopsy findings.
Although the origin of the rsR' complex in right-sided precordial leads is still uncertain, the high incidence of this complex, especially in the group of patients with very high pulmonary arterial mean pressure, suggests some relationship of this pattern to right ventricular hypertrophy. Added weight is given this hypothesis by the changes in the electrocardiogram which occurred in Patient 490 as described abovte (figs. 3 
and 4).
A final point to be discussed is concerned with the possible correlation between the duration of the pulmonary disease and the pulmonary arterial hypertension on the one hand and the electrocardiographic findings on the other. However, our data do not permit a satisfactory analysis of this relationship for the following reasons: (1) the insidious onset and slowly progressive nature of chronic pulmonary emphysema and of many cases of diffuse pulmonary fibrosis make it difficult to date the onset of these diseases; and (2) no data are available in these cases with regard to the duration of the hypertension. Since the development of right ventricular hypertrophy probably is related both to the degree as well as to the duration of pulmonary arterial hypertension, it is obvious that the data presented are incomplete with regard to the general problem of pulmonary arterial hypertension and electrocardiographic patterns of right ventricular hypertrophy. SUMMARY 
1.
A study of the pulmonary arterial pressure and of the electrocardiographic findings in a group of 40 patients with chronic pulmonary disease has been presented.
2. The electrocardiograms, using unipolar precordial and augmented unipolar limb leads, were analyzed for patterns identified with right ventricular hypertrophy.
3. With a single exception, none of the patients with patterns of right ventricular hypertrophy, as here defined, Is'as observed to have a pulmonary artery mean pressure less than 30 mm. Hg at rest. 4. Of the 14 patients whose pulmonary artery mean pressure at rest exceeded 30 mm. Hg, 8 showed characteristic electrocardiographic patterns identified with right ventricular hypertrophy. 5. The rsR' patterns in the right-sided precordial leads, of the incomplete right bundle branch block type, were found in one patient with pulmonary arterial pressure less than 15 mm. Hg; in 2 patients with pulmonary artery mean pressure between 15 and 30 mm.; and in 4 patients with pulmonary artery mean pressure above 30 mm. The significance of the high incidence of this pattern in patients with chronic pulmonary disease was discussed.
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RIGHT VENTRICULAR HYPERTROPHY AND PULMONARY HYPERTENSION 6. The absence of electrocardiographic patterns associated with right ventricular hypertrophy does not rule out the possibility of moderate or even marked pulmonary arterial hypertension. 7. Striking changes in both anatomic andl electrocardiographic position of the heart were observed in patients after recovery from severe right heart failure. For this reason it is suggested that leads lateral to Lead V4R as well as the usual Leads VR and V1 through V6 be taken in suspected cases of right ventricular hypertrophy.
